INTRODUCTION
============

The autonomic nervous system (ANS) regulates key functions, including the activity of cardiac muscles, smooth muscles, and glands. The ANS has two divisions: 1) the sympathetic nervous system, which accelerates heart rate, constricts blood vessels, and raises blood pressure; and 2) the parasympathetic nervous system, which slows the heart rate, increases intestinal and gland activity, and relaxes sphincter muscles.[@B1] The ANS has been evaluated by heart rate variability (HRV), which utilizes the R-R interval on electrocardiograms (ECG). HRV is a good indicator for predicting adaptability against stress,[@B2] investigating cardiovascular modulation with posture or sleep stage,[@B3]-[@B5] and determining effects of provocation such as electromagnetic fields (EMF).[@B6]-[@B9] However, HRV is very sensitive to age, stress, body mass index (BMI), menstruation, smoking, and other variables.[@B2],[@B3],[@B5],[@B8]-[@B12] In the evaluation of usefulness of HRV, the reproducibility of HRV has been found to be moderate-to-poor in studies examining intra-individual reproducibility.[@B13] Therefore, careful discretion is needed to select subjects and experimental setups that minimize stress as much as possible when HRV is utilized to evaluate the ANS.

Most previous EMF provocation studies examined vital signs, questionnaires for subjective symptoms, or EMF perception in supine, sitting, or standing postures. However, there is still limited knowledge of the potential effect of EMF on cardiovascular function and the results are controversial. Experimental design to minimize possible confounding factors which affect HRV is very important. In our previous study, drowsiness was observed in approximately half of all subjects due to being in a recumbent posture for more than an hour in a quiet room.[@B14] When any subject\'s drowsiness was noticed, the examiner made a noise to wake the subject and asked questions regarding subjective symptoms and EMF perception. We observed monotonically increased the ratio of low frequency power to high frequency power (LFP/HFP) at each exposure stage during a 30 minutes sham exposure in both electromagnetic hypersensitivity (EHS) and non-EHS groups. Zhong, et al.[@B5] reported that sleep deprivation could increase LFP and LFP/HFP. Therefore, we concluded from our previous study that the usage of heart rate or HRV with sleep deprivation may falsely indicate the effects of RF radiation by mobile phones on the ANS. However, there have been few studies investigating the effects of drowsiness or sleep deprivation and posture on the LFP/HFP for provocation study. The results described herein led us to suggest a better posture, which results in less drowsiness or sleep deprivation, and thus, less increase in LFP/HFP during time course of provocation.

MATERIALS AND METHODS
=====================

Subjects
--------

A total of 52 healthy subjects participated in this experiment: 25 males (25.4±2.9 years; 21.8±1.7 kg/m^2^) and 27 females (23.6±2.3 years; 20.4±2.0 kg/m^2^). They were recruited by advertisements at the Yonsei University Health System (YUHS). All subjects were non-smokers and asked not to do excessive exercise, use mobile phones more than 30 minutes, drink alcohol, or take any drugs at least 24 hours before the experiment. Female subjects did not participate in the experiments during their menstrual phases. As HRV is known to be dependent on age and obesity, the subjects were restricted to their twenties and a BMI of less than 22.9.[@B10]

Heart rate variability
----------------------

The R-R intervals were acquired from 5 minutes of ECG data six times over 30 minutes in sitting and recumbent postures for each subject, and its power spectrum was obtained using data analysis software (TeleScan Ver.2.8, Laxtha, Daejeon, Korea). There are three peaks in the power spectrum of HRV: the first peak is the very low-frequency power (VLFP) that appears at less than 0.04 Hz; the second peak is the LFP that appears 0.04-0.15 Hz; and the third peak is the HFP that appears at 0.15-0.4 Hz. For VLFP, a clear conclusion has not yet been made. Accordingly, it has been excluded from most studies evaluating the ANS.[@B14]-[@B16] LFP/HFP was obtained with HRV power spectrum to analyze balance between sympathetic and parasympathetic tone. A decrease in this score might indicate either increase in parasympathetic or decrease in sympathetic tone. To minimize individual difference in LFP/HFP, the resting LFP/HFP was set at 100%.

Experimental setup and procedure
--------------------------------

The lab was used exclusively for this experiment. To minimize interference including background EMF and noise, there was no other electrical equipment present. Before the experiment, each subject was made to rest on a chair (sitting posture) for one session, and on an experimental bed tilted up by 30° (recumbent posture) for another session for 10 minutes. The order of recumbent or sitting posture for a subject was randomly assigned to minimize experiment bias. No matter which came first, the second session was always given at approximately the same time of the day as the first session to maintain the subject\'s physiological rhythm. ECG was obtained with a PolyG-I (Laxtha) using Ag-AgCl electrodes (2223, 3M, St. Paul, MN, USA) placed on both arms and the right leg of participants.

The duration of each session was 40 minutes long, including 10 minutes of resting and six stages, with 5 minutes per stage. Thirty minutes was chosen based on previous short-term provocation studies in which subjects were exposed to EMF for approximately 30 minutes.[@B6],[@B7],[@B9],[@B14],[@B17] Five minutes per stage was chosen because it is the minimum duration for HRV analysis.[@B15] When the examiner noticed any subject\'s drowsiness, he made a noise to wake the subject up and counted the number of times drowsiness or sleep deprivation occurred during the 30 minutes.

Background extremely low frequency (ELF) and radio frequency (RF) fields in the lab were measured to ensure that the subjects were not influenced by the background fields. The average ELF electric and magnetic fields were 1.2±0.1 V/m (volts/meter) and 0.03±0.01 uT (micro Tesla), respectively, and measured using an ELF survey meter (HI-3604, Holaday, Minnetonka, MN, USA) and ELF gauss meter (EMDEX-II, ENERTECH, Campbell, CA, USA). The RF field was measured at 0.5±0.1 V/m with a frequency range from 824 to 849 MHz using a radiation meter (SRM 3000, Narda GmbH, Pfullingen, Germany). As the ambient temperature and relative humidity in the lab may affect ANS, a paired t-test was performed to check if there was any difference in temperature or humidity. There was no difference in temperature (*p*=0.640) or humidity (*p*=0.062) between the sessions of the sitting and recumbent postures (n=52).

Data analysis and statistical process
-------------------------------------

The Mantel-Haenszel χ^2^ test was applied to determine the independency between sleep deprivation and posture. The Pearson χ^2^ test was used to analyze any difference in number of sleep deprivation and number of subject in each stage between sitting and recumbent postures. Repeated measures ANOVA were also performed to determine any difference in LFP/HFP between the postures. Post-hoc tests were performed to investigate any difference in LFP/HFP between each stage for each posture. SPSS software (SPSS10, SPSS Inc., Chicago, IL, USA) was used with a significance level of 0.05.

RESULTS
=======

Posture and Drowsiness
----------------------

The Mantel-Haenszel χ^2^ test showed significant dependency of posture on the number of sleep deprivations (*p*\<0.001) or number of sleep deprived subjects (*p*\<0.001). [Table 1](#T1){ref-type="table"} shows that the recumbent posture had a significantly higher number of sleep deprivation instances than did the sitting posture for every stage (*p*\<0.01). [Table 2](#T2){ref-type="table"} shows that the number of sleep deprived subjects was significantly more in the recumbent posture than that in the sitting posture for every stage (*p*\<0.05). Since sleep deprivation was determined to be dependent on the posture, only the posture was assumed to be the independent variable in analyzing LFP/HFP.

Posture and LFP/HFP
-------------------

Repeated measures ANOVA showed that LFP/HFP was significantly dependent on the posture (*p*=0.033). [Fig. 1](#F1){ref-type="fig"} shows mean±SE of LFP/HFP in sitting and recumbent postures for six stages with 52 subjects. It should be noted that LFP/HFP ratios in each stage of the sitting posture were smaller than those in each stage of the recumbent posture, suggesting that a sitting posture is better than a recumbent posture. This increased trend in LFP/HFP for the recumbent posture confirmed a previous report showing that sleep deprivation could increase LFP and LFP/HFP.[@B5]

For the sitting posture, there were significant differences in LFP/HFP between stages 1 and 4, stages 1 and 5, and stages 1 and 6 (*p*\<0.01). The fact that there were no significant differences among the stages 1, 2, and 3 suggests that there were no changes in the ANS during the sitting posture for at least 15 minutes in this experimental setup. For the recumbent posture, there were significant differences in LFP/HFP between stage 1 and all the other stages (*p*\<0.05). Therefore, these data suggest that the sitting posture is better than the recumbent posture, in terms of less increased LFP/HFP over time.

DISCUSSION
==========

One disadvantage of the HRV method is that it is considerably influenced by stress, resulting in decreased HFP and increased LFP/HFP.[@B15] Nam, et al.[@B14] reported that LFP/HFP monotonically increased during 30 minutes of sham exposure in a recumbent posture for EHS and non-EHS groups. With an exception of stage 6, this monotonic increase is similar to that found in our previous result for a recumbent posture. At stage 6 of the recumbent posture, LFP/HFP did not show increase compared to stage 5. Even though the reason is not clear, the decreased LFP/HFP may be a reason for decreased number of sleep deprivation occurrences from 34 to 26 ([Table 1](#T1){ref-type="table"}). For these reasons, provocation studies should carefully be designed to control other factors, including posture, in order to minimize HRV variation.

Usage of heart rate or HRV with sleep deprivation may falsely indicate the effects of provocation, including EMF radiation, on the ANS. In this study, we confirmed that LFP/HFP significantly increased over time, compared to stage 1, due to sleep deprivation for the recumbent posture, but without any provocation. Therefore, any provocation study that requires waking for questionnaire should minimize stress as much as possible by limiting the experimental duration without weakening the experiment, as well as by minimizing sleep deprivation with a sitting posture. The fact that there were no significant differences in LFP/HFP between stages 1, 2, and 3 in a sitting posture suggests that there were no changes in ANS activity for up to 15 minutes in this experimental setup. In conclusion, sitting is preferred to a recumbent posture for provocation studies using HRV. It is also recommended that any experiment should be completed within 15 minutes, if possible, to avoid drowsiness.
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